
As a low-temperature plasma flow at atmospheric pressure is
easily capable of generating heat, light, chemical species,
charged particles, shock wave, etc., recently, a research on a
sterilization and a plasma treatment has started using those
physical features. The biological nanoscale reactive flow
laboratory aims at a fundamental study and applications of
“plasma medicine”, which is expected to become a next-
generation medical technology, through the studies on
activation and inactivation processes of cells, development of a
plasma sterilization method, phenomena of reactive flow
dynamics and nanoscale flow dynamics for a gas-liquid plasma
and interactions between a plasma flow and cell/bacteria.
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We aim at clarifying the effects on cells by chemical
species generated by plasma, and aim for the
fundamental study and the application.
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High speed images of
plasma induced flow in
the plasma-water system.

To apply medical applications
and environmental treatment,
we have clarified flow
patterns and mechanisms of
plasma induced flow. Bullet
type of thermal flow is
generated when plasma is
generated from the tip of the
electrode to the water
surface. This flow generates
circulating flow in water and
enhances the chemical
transport generated by
plasma.
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Introduction

We study about generation and transportation mechanisms
of radicals by plasma flow at atmospheric pressure generated in
gas-liquid flow, interaction mechanisms between plasma and
biological objects, bubble generation and collapse processes by
gas-liquid plasma flow, and numerical analyses of reaction
processes. Also, we promote the basic research for the
practical use, through joint researches with universities,
research institutes, and companies all over the world.

Nuclear 
fusion

Material 
processing

Environmental 
treatment

Light source

MPD 
thruster

MHD 
Generator

MPD 
thruster

Heat, Heat, 
LightLight，，
RadicalRadical

Material 
processing

Semiconductor

Environmental 
treatment

MHD 
Generator

Fluorescent，HID lamp，
Plasma display, Laser

Spraying, Welding 

Nano-process,
Thin-film coating

Electric and 
Magnetic fields

Sterilization, Sterilization, 
Treatment, Treatment, 
CosmeticCosmetic

Light source
Plasma flow

VOC, VOC, NOxNOx
decompositiondecomposition

Biotechnology, 
Medicine
Biotechnology, 
Medicine

Nuclear 
fusion
Nuclear 
fusion

Material 
processing

Environmental 
treatment

Light source

MPD 
thruster

MHD 
Generator

MPD 
thruster

Heat, Heat, 
LightLight，，
RadicalRadical

Material 
processing

Semiconductor

Environmental 
treatment

MHD 
Generator

Fluorescent，HID lamp，
Plasma display, Laser

Spraying, Welding 

Nano-process,
Thin-film coating

Electric and 
Magnetic fields

Sterilization, Sterilization, 
Treatment, Treatment, 
CosmeticCosmetic

Light source
Plasma flowPlasma flow

VOC, VOC, NOxNOx
decompositiondecomposition

Biotechnology, 
Medicine
Biotechnology, 
Medicine

Nuclear 
fusion

Plasma has been
applied to a wide range
of fields, and it is
necessary to approach
from different points of
view, e.g., electric,
chemical, material, and
thermal fluid fields.

We have now studied about the
activation and inactivation
mechanism of cell viability by a
plasma flow, and the transport
mechanism of chemical species
generated by the plasma flow.

Fluorescence image of 
HeLa cells. Regular (Left). 
Cell death after exposure 
(Right).
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○Sterilization in a tube
Application to medical equipments such as catheter
sterilization by radical generation, transport and
concentration using plasma flow control. For example,
optimum sterilization conditions are 5 min, 70 ℃ and
13 W for a tube of 100 mm length and 3 mm i.d.
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Sterilization device and mechanism by low-
temperature plasma at atmospheric pressure

○Microwave argon plasma flow

To reduce infection risks of new influenza,

nosocomial infection and so on, and to develop next-

generation medical instruments, we aim at clarifying

generation and transportation mechanisms of a

plasma flow by experimental and computational
analyses and we also aim at identifying the central

factor of sterilization effect and clarifying sterilization

mechanism.
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Initiation and propagation mechanism of 
underwater streamers

We clarified that a primary streamer
propagated intermittently synchronized
with appearance of pulsed currents with
velocity of 2.5 km/s and a secondary
streamer propagated with around 20
km/s during a continuous current
appears. Propagation of 

underwater primary 
stremer
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Dynamics of plasma-induced cavitation bubble

We aim at developing a medical instrument
using plasma in water by investigating
dynamics of rebound bubbles. The rebound
dynamics changes due to inclusion of
hydrogen gas, which is non-condensation
gas, when the bubbles are generated by
plasma such as laser or spark.

Bubble dynamics 
of laser/spark-
induced bubble

T. Sato et al., APL102 (2013), 074105.

Development of plasma nano-bubbles

Bubbule size 
distribution by DLS

We aim at developing plasma nano-
bubbles which are stable and easy
handling to apply for medical intruments.
It was clarified that nano-scale bubbles
around 100 nm were generated when
streamer bubble channels in water
collapsed.
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